Abstract. 
atmosphere via the production of NO x and HO x , constituents which are important to Baumgaertner et al. [2011] suggested that the temperature responses in the model could 57 be a combination of a radiative response to the ozone reduction and a subsequent dy-58 namical response to changes in the radiative balance. This type of process initiated by 59 ozone reduction had previously been discussed by Langematz et al. [2003] . According to 60 Langematz et al. [2003] reduced ozone levels at stratosphere-lower mesosphere altitudes 
160
We define cases where the normalized A p > 0.1 as high geomagnetic activity and cases 161 with A p < −0.1 as low geomagnetic activity, and refer to these cases as HA p and LA p , 162 respectively. The years for each month in the HA p and LA p cases are listed in Table 1 .
163
In the second part we further divide the ERA data into high and low solar irradiance 164 cycles. This will allow us to assess potential solar irradiance level pre-conditioning of 165 the atmosphere for the geomagnetic forcing effects. To estimate the solar irradiance 166 cycle phase we use solar radio flux (F 10.7 
173
The years in each group are given in Table 2 . Figure 1 by applying a random permutation test with 10,000 repetitions to part of the analysis.
187
The results from the random permutation test, which are discussed in more detail in the of these on our results.
Results

Geomagnetic signals in dynamical parameters
In the first part of our study we will focus on results from analysis where data from when the deceleration of the zonal wind extends all the way to the upper stratosphere.
249
In the troposphere this moving pattern in the EP flux convergence indicates a pole- Table 2 .
300
We now analyze the (HA p -LA p ) differences for U, T, and EP flux. By taking the com- in the November-December HS-LA p groups (see Table 2 ).
317
The most significant temperature response (∆T) appears in the high-latitude strato- with the temperature anomalies in the high-latitude stratosphere. and less waves propagating from the troposphere to the stratosphere at high-latitudes.
349
Together these lead to strengthening of the polar vortex and, through that, to a positive signal arising mainly from HS conditions. Therefore, the QBO can be excluded as the driving factor for the signals at least in the All SC case (Figure 3 ) and under HS conditions showed no obvious bias on the NH winter geomagnetic signal. 
Discussion
Our analysis of the ERA data suggests that geomagnetic activity (as measured by the 
433
The signal first appears in December and propagates poleward and downward over the 434 course of the winter.
435
When significant responses in the zonal mean zonal wind and temperature were ob- propagate poleward following the movement of the polar vortex. As a whole, our anal- (Figure 2 ).
476
Under wQBO conditions the stratospheric polar vortex is known to be stronger than is that the QBO-wave-vortex interaction is at it's strongest in early winter, rather than 
Conclusions
Our aim in this study was to investigate the wave-mean flow interaction as a part of 512 the mechanism linking geomagnetic forcing to changes in stratospheric and tropospheric 513 dynamics. One of the key goals was to help understand the links between the well under-514 stood chemical responses to energetic particle precipitation, and changes in stratospheric 515 and tropospheric dynamical variables as a result of geomagnetic activity.
516
Using the ECMWF ERA meteorological re-analysis data we found that for high geomag- where external forcing can be controlled and long simulations can be performed to re-548 duce effects from internal variability, is needed to fully understand the solar wind -lower 549 atmosphere coupling. 1960 1965 1970 1975 1980 1985 1990 1995 
